PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



(51) Internationa) Patent Classification 6 : 




(11) International Publication Number: 


WO 97/17388 


C08G 18/70, C08L 97/02, C08G 18/22 


Al 


(43) International Publication Date: 


15 May 1997 (15.05.97) 



(21) International Application Number: PCT/EP96/04606 

(22) International Filing Date: 18 October 1996 (18.10.96) 



(30) Priority Data: 

95 1 1 7436.6 6 November 1 995 (06. 11 .95) EP 

(34) Countries for which the regional or 

international application was filed: DE et al. 

96101892.6 9 February 1996 (09.02.96) EP 

(34) Countries for which the regional or 

international application was filed: DE et al. 



(71) Applicant: IMPERIAL CHEMICAL INDUSTRIES PLC 
[GB/GB]; Imperial Chemical House, Millbank. London 
SW1P 3JF (GB). 



(81) Designated States: AL, AM, AT, AU, AZ. BB, BG. BR. BY. 
CA, CH. CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU. IL, 
IS, JP, KE, KG, KP, KR, KZ. LK. LR. LS, LT. LU, LV, 
MD. MG, MK, MN. MW, MX. NO, NZ, PL. FT. RO, RU, 
SD, SE, SG. SI, SK, TJ, TM, TR, TT, UA, UG. UZ. VN, 
ARIPO patent (KE, LS, MW, SO, SZ. UG), Eurasian patent 
(AM, AZ. BY, KG, KZ, MD. RU. TJ. TM). European patent 
(AT. BE, CH, DE. DK, ES, FI, FR, GB, GR. IE, IT. LU. 
MC,_NL. PT, SE). OAPI patent (BF. BJ, CF. GG. CI. CM. 
GA. GN. ML. MR. NE, SN. TD. TG). 



Published 

With international search report. 



(72) Inventors: JUNG. Bruno, Andre, Alphonse; Avenue Jules- 
Cesar 5, B-1I50 Woluwe-Saint-Pierre (BE). LEENSLAG, 
Jan. Willem; Rechtestraat 10, B-3120 Tremelo (BE). VER- 
BEKE, Hans, Guido, Godelieve; Langebeekstraat 24, B- 
3210 Liden (BE). GEUKENS. Danny, Anna, Eduard; Gera- 
niumstraat 35, B-2250 Olen (BE). 

(74) Agents: SWINNEN, Anne, Marie et al.; ICI Pol yure thanes, 
Intellectual Propeny Dept., Everslaan 45, B-3078 Everberg 
(BE). 



(54) Tide: POLYISOCYANATE COMPOSITION 



(57) Abstract 



Polyisocyanate composition comprising a Group IVB metal compound, preferably a titanium chelate, optionally in combination with 
a eompatibilising compound and/or conventional release agents and the use thereof in binding lignocellulosic material. 



^10: <WO 9717388A1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BV 


Belarus 


KG 


Kyrgysian 


RU 


Russian Federal ion 


CA 


Canada 


KP 


Democratic People s Republic 


5D 


Sudan 


CF 


Centra] African Republic 




of Korea 


SE 


Sweden 


CC 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d* I voire 


LI 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


OS- 


China 


LR 


Liberia 


SZ 


Swaziland 


es 


Czechoslovakia 


LT 


Lithuania 


TD 


■Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TC 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


OK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MO 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain ; p 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


CA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WCf 97/17388 

DESCRIPTION 



1 



PCTYEP96/046O6 



POLYISOCYANATE COMPOSITION 

This invention relates to polyisocyanate compositions and in particular to 
polyisocyanate compositions for use in binding 1 ignocel lulosic material, 

-The use of organic polyisocyanates as binders for Iignoceliuiosic material 
in the manufacture of sheets or moulded bodies such as waferboard, 
chipboard, fibreboard and plywood is weii know-. 

In a typical process the organic polyisocyanate, optionally in the form of 
a solution, dispersion or aqueous emulsion, is applied to the 
iignoceliuiosic material which is then suc;e::t: zo heat and pressure. 

The high quality cf the resulting materials :s cue, to a very large extent, 
to the excellent adhesive properties of :r;ar.:: p c lyiscc y a nates . At the 
same time, however, the excellent adhesive properties offered by a 
polyisocyanate creates an offsetting disadvantage in that it causes severe 
sticking cf the lignocei lulos ic material to tne hot metal surfaces with 
which it comes into contact during the hot-pressing operation. Most often 
the product is damaged in removing it from the press and much time is 
required to remove adhering cellulosic material from the surfaces of the 
press parts. 

Several attempts have been made to overcome this adhesion problem. 

One of these approaches involves applying a release agent internally with 

the polyisocyanate . 

As such internal mc Id release agents are described compounds which catalyse 
the formation of isocyanurate from isocya nates -see US patent no. 3670665) 
such as certain metal salts of carboxylic acics . Particularly efficient 
internal mold release agents are zinc stearate and dialkyl tin bismaleates 
or zir.c bismaleates as described in FCT Pater.: Publication No. 95/02619. 
In order to soiubilise these metal ca rooxyl a c es , and in particular chose 
based on zinc, in the polyisocyanate compositirr. rompa tibi 1 i s ing agents as 
described in PCT Patent Publication No. 93/122:2 can be added. 

However release performance and/or board properties cf iignoceliuiosic 
bodies bound with polyisocyanate compositions containing the above described 
internal release agents are still not satisfactory. 

Therefore it is an object of the present invention to provide a 
polyisocyanate composition that yields satisfactory ' release cf the 
iignoceliuiosic bodies bound with said composition from the metal press 
surfaces without detrimentally affecting the other board properties. 
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The present invention provides a polyisocyana te composition comprising an 
organic compound derived from a metal of Group IVB of the Periodic Table of 
Elements, said organic compound being a metal carboxylate or metal aikoxide 
or a chelate complex with the metal as central atom and at Least one 
poiydentate ligand. 

Polyisocyanate compositions containing such organic compounds derived from 
Group IVB metals show improved release from the press platens and enhanced 
cure of the iignoceiiuiosic bodies bound with said polyisocyanate 
compositions . 

Preferably the Group IVB metal is titanium cr zirconium, most preferably 
titanium. in case of zirconium based compounds the stability of the 
composition is improved. 

Suitable titanium based organic compounds for use in the present invention 
include those described in Japanese patent publication no. 63/207622, 
especiall y isopropyl t ri iscs tea royl ti t ana te . 

Suitable carboxylates or alkcxides include those derived from saturated or 
unsaturated, aliphatic or cycloaliphatic cr aromatic carboxylic acids or 
alcohols, preferably having from 1 to 30, more preferably from 8 to 20 and 
most preferably from 10 to 16 carbon atoms. Particularly suitable 
carboxylic acids include, for example, oleic acid, lauric acid, palmitic 
acid, stearic acid, mixtures thereof and the like. Particularly suitable 
alcohols include isopropanoi . 

The organic compound fcr use in the present invention can be derived from 
the same cr different carboxylic acids and/or alcohols. Mixed 
carboxyiates/alkoxides can also be used such as diisopropoxy titanium 
dioleate . 

The organic compound for use in the present invention «can also contain 
besides the carboxylate and/or aikoxide groups an aikyl group substituent 
on the central metal atom. 

The chelate complex preferably contains as a poiydentate ii-gand a 
P-dicarbcnyl compound such as ace tylace tona te or an acetoacetate . But also 
polydentates based on bonds between the Group IVB metal and S cr N are 
included within the scope of this invention. 

According to a preferred embodiment of the present invention the 
polyisocyanate composition contains a chelate complex corresponding to the 
following formula (I) 
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R : -C-CK=C- (0)..-R : 

^ A 

R— {Ci ..-O-M-0- :C) .-R e (I) 
5 R-- (0) ...-C=CH-C-R ; 

wherein X 1 , X ; , X 5 , X 4 , X" and X 6 (same or different) represent O or S or N, 
z and z' (same or different) are 0 or 1, y and y* (same or different} are 
0 or 1, R ; and R* (same or different) represent an aliphatic hydrocarbon 
10 radical having 1 to 30 carbon atoms, ft : and R : (same or different) represent 

an aliphatic hydrocarbon radical having 1 to 30 carbon atoms, R s and R 6 
(same or different) represent an aliphatic hydrocarbon radical having 1 to 
30 carbon atoms and X. represents Ti cr Z r or Kf. 

15 Preferably M is Ti or Zr , most preferably Ti. 

Preferably X : , X ; , X , X ; , X- and X* ail represent O. 

Preferably R- and ?,'* contain from 1 to 20 carbon atoms, most preferably 2 to 
3 carbon atoms. Preferably z and z 1 are both 0. 
Preferably R : , R-, R : and R* contain from 1 to 20 carbon atoms. 
20 According to one preferred embodiment of the present invention y and y* are 

both 0 and R : , R : , R- and R* contain from i to 3 carbon atoms. According to 
another preferred embodiment of the present invention y and y' are both 0, 
R* and R : contain from 1 to 3 carbon atoms and R* and R' contain from 10 to 
18 carbon atoms. 

25 

Preferred compounds for use according to the present invention are those 
corresponding to formula (la; 



30 



35 



40 



( R'O ) jM ( R 5 C ( 05 CKC (G ) R 1 } . (la) 

wherein M represents Ti or Zr, R" represents an aikoxy or carboxy group, R : 
represents an alkyl or aryl group, P/ represents an aikoxy, aryloxy, alkvl 
or aryi group, a is 4-b and b is 1 or 2 in case of M being Ti and b is 1, 
2, 3 or 4 in case of M being Zr. 

The present organic compound derived from a Group IV5 metal can be obtained 
by simple exchange reactions of Group IVB metal aikoxides (e.g. isopropyi 
based) or chlorides (e.g. TiCl.) with aikanci amines, carboxylic acids, 
hydroxyacids, diketones, keto-es tecs , glycols and the like; this followed 
either by destination of the corresponding alcohol .e.g. isoprcpanol) or 
removal of HC1 when using e.g. Ti-Cl, . 

The present organic compound derived from a Group IV3 metal is used in 
amounts varying between 0.01 and 20 \, preferably between 0.1 and 10 , more 
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preferably between 0.2 and 7 t and mos: preferably between 0.5 and 4 by 
weight based cr. the poiyisocyanate . 

In order to improve the stability of the present poiyisocyanate composition 
a compatibilising agent as described in PCT Patent Publication No. 9*5/13323, 
incorporated herein by reference, can be added. 

Thus the present invention also provides a poiyisocyanate composition 
containing the present organic compound derived from a metal of Group IVB 
of the Periodic Table of Elements and a compatibilising agent being a 
compound corresponding to general formula (II) cr the reaction product of 
an organic mono- cr poi y functional isocyanate therewith 

R - (0). - C-CH- - C- - C . . - F * 

II II 

V v 

wherein ':' and (same or different! represent - cr 5; n and r. ' {same or 
different) represent an integer of from C to 1, = and ?' {same or different) 
represent an aliphatic hydrocarbon radical containing from 1 to 30 carbon 
atoms and wherein the sum of the total number c f carbon atoms of R and R ' 
is between 7 and 40. 

The term "aliphatic hydrocarbon radical" as used herein is meant to include 
straight and branched chain alky! and cyclcaikyl radicals that may include 
unsaturated groups and/or F, CI, Br, N, P , £, 5: cr 0 containing groups in 
their chain. 

Preferred compounds of formula (11) are those wherein the sum of the total 
number of carbon atoms of R and R * is between r and 20. 

Preferably R and/cr R ' represent aliphatic hydrocarbon radicals containing 
from 4 to 30, more preferably from 8 to 22 and most preferably from 10. to 
18 carbon atoms. 

According to a preferred embodiment of the present invention n equals 0, R 
is a lower alkyi radical such as methyl, n' equals 1 and R ' is an alkyi 
radical containing from 8 to 18 carbon atoms. 

According to another preferred embodiment of the present invention n and n* 
both equal I and- ?. and ?. ' both are alkyi radicals containing from 8 to 18 
carbon atoms. 

Preferably Y : and V- both represent O and n and/rr n ' equals 1. Preferably 
n or n' equals 0 and R, or respectively R ' , is a lower alkyi radical 
containing 1 to Z carbon atoms. 
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Most preferred compounds according to formula (II) are decyl, cetyl and 
stearyl acecoacecate and bis-decyl malonate. 

The organic isocyanate with which the compound according to formula (II) can 
be reacted to form the compatibiii sing agent can be monof unctionai as well 
as polyf unctionai including di isocyana tes and isocyanates of higher 
functionality. The organic isocyanate can be aliphatic, cycloalipha tic or 
aromatic. Pol yf unctionai isocyanates are preferred over monof unctionai 
isocyanates . 

Examples of organic isocyanates which may be used in the present invention 
include aliphatic isocyanates such as he:-:ame t hylene di isocyana te ; and 
aromatic isocyanates such as m- and p-pher.yi er.e ciisocyanate, tolylene-2, 4 - 
ar.c -2, 6-di isocyanate, diphenylmethane- A , A ' -c';:s::yanate, chlorophenylene- 
2,4-diisccyanate, r.apht hyiene- 1 , 5-di i socyena ce , ciphenylene- 4 , 4 ' - 
diisocyanate, 4,4 '-dusocyar.ate-:, 2- ' -cimethyldiphenyl, 
3-methyidiphenyimethane- 4 , 4 ' -di isocyana ce and di phenyl ether di isocyanate ; 
and cycloaliphatic di isocya na tes such as cy ci ohexane- 2 , 4 - and -2,3- 
ciisocyanate, 1-methyicyclohexyi -2 , 4 - and -2 , *- di i sccyana te and mixtures 
thereof and bis -! isocyanatocyclohexyl ) me thane and t ri isocyana tes such as 
2,4, 6- tri isocyana totoluene and 2,4, 4- 1 ri i socya na tod iphenylet her . 
Modifiec pol yisocyana tes containing i socyanu ra te, ca rbodiimide or 
uretonimine groups may be employed as well. 

Further useful isocyanates are methylene brioged pclyphenyl pol yi socyana tes , 
including diisccyana tes , tri i socyana tes and higher pol yisocyana tes together 
with any phosgenation by-products. 

Preferred isocyanates to be used to form the ccmpat ibilising agent are 
aromatic di isocyanates or polyisocyana tes of higher functionality such as 
diphenyimethane ciisocyanate or mixture of methylene bridged pclyphenyl 
pclyisocyanates containing di i socyana tes , t r 1 1 s ocyana tes and higher 
functionality pol yisocyana tes . 

The compound according to formula ill) and the isocyanate can be pre- reacted 
to form the compatibi iising agent or the compound according to formula (II; 
can be added to the polyisocyana te composition as such where it can form the 
reaction product in situ. 

The compa tibilising agent (in the form of the compound according, to formula 
(II J » is added in an amount varying between C . 5 and 15 preferably between 
1 and 10 t / most preferably between 1.5 and 7 - by weight based on the 
poiyisccyanate whereas the present organic compound derived from a Group IVB 
metal is preferably used in an amount ranging from 0.1 to 10 * , most 
preferably from 0.2 to 7 ? by weight based on the poiyisccyanate. 
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In order to improve the shelf live of the present poiyisccyanate composition 
whilst maintaining satisfactory release performance and board properties 
some of the present organic compound derived from a Group IVB metal .can be 
replaced by a metal carboxylate derived from metals of Group IA, IIA, IIIA, 
IB, IIB, IVA, VA and VIII of the Periodic Table of Elements such as Zn, Cu, 
Co, Mg, Bi, Li, Al , Ni, Cd, Pb, Sn and Fe, especially zinc stearate, lithium 
stearate, magnesium stearate, aluminium stearate, zinc bismaleate and 
dialkyl tin bismaleate. 

Therefore the present invention also provides a polyisocyanate composition 
comprising the present organic compound derived from a Group IVB metal and 
a metal carboxylate derived from a Group I A, IIA, IIIA, IB, IIB, IVA, VA or 
VIII metal. 

The metal carboxylate derived from a Group IA, IIA, IIIA, IB, IIB, IVA, VA 
cr VIII metal is used in amounts varying between 2 and 20 \ t preferably 
between 5 and IS '- by weight based on the poi yi socyana te while the present 
organic compound derived from a Group IVB metal is used in amounts varying 
between 0.2 and 1 ? , preferably between 0.2 and 3 - by weight based on the 
polyisocyanate . 

In order to further improve the stability of such a polyisocyanate 
composition a compa tibilising agent as described above (in terms of the 
compound corresponding to formula {II}) may be added in amounts varying 
between 0.5 and 15 r , preferably between i and - , most preferably between 

2 and 4 * by weight based on the polyisocyanate. 

Conventional release agents can be added to the polyisocyanate composition 
of the present invention containing an organic compound derived from a Group 
IVB metal and optionally the above described compa tibilising agent. By 
doing so the release performance is further improved ; pret rea tment of the 
press platens with external release agents is not needed anymore. Further 
board properties (especially wet properties) are improved. 

The conventional release agent is present in an amount varying between 0.2 
and 10 preferably between C.5 and 6 \ and most preferably between 1 and 

3 t by weight based on the polyisocyanate whereas the organic compound 
derived from Group I YE metal is preferably present in an amount varying 
between 0.2 and 4 \ , most preferably between 0.2 and 2 ? by weight -based on 
the polyisocyanate and the compa tibi Using agent is preferably present in 
an amount varying between 1 and 4 r by weight based on the poiyisccyanate. 

In order to stabilise the emulsion conventional surfactants such as 
silicones can be added in an amount varying between 0.1 and 1.5 k , 

9 
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preferably between 0.25 and 0.75 r by weight based on the poi yisocyana te . 

Examples of conventional release agents include poi ys iloxanes , saturated or 
unsaturated fatty acids (such as oleic acid) or fatty acid amides or fatty 
acid esters and polyolefin waxes. Poiysiloxanes and polyoiefin waxes are 
preferred . 

Preferred poiysiloxanes to be used as an additional release agent according 
to the present invention are those comprising from about 0.5 to 20 -mole % 
of R a R , 'lSiO, 4 . t " - . D : : .: units and from about 80 to 99.5 mole s of R" .SiG. ^ units 
wherein R is an isocyanate reactive organic radical; a has an average value 
of from about 1 to about 3; R ' and R" are non- i socyana te reactive organic 
radicals; b has an average value of about 0 to about 2 ; a + b has a value 
of about 1 to about 3; c has an ave rage ' value of from about 1 to about 3 and 
preferably 1 to 1.5; the ratio of the total molecular weight of the 
polys iloxane compound to the total number of isocyanate reactive functional 
groups in the poiys iloxane molecule (the equivalent weight., ranges from 100 
to 3500 and preferably from 500 to 2500; the combined formula weights of all 
isocyanate reactive organic radicals R do not exceed 40 * of the total 
molecular weight of the polysiloxane compound; the combined formula weights 
of all non-isccyanate reactive radicals R ' * R" together do not exceed 40 
• of the total molecular weight of the polysiloxane compound; the combined 
formula weights of all the organic radicals R + R ' + R" in the molecule 
together do not exceed 60 ? of the total molecular . weight of the 
polysiloxane compound; the polysiloxane compound contains an average of at 
least two isocyanate reactive functional croups per molecule; at least two 
of the isocyanate reactive functional groups in each molecule are located 
on separate organic radicals R, attached independently to different silicon 
atoms in the polysiloxane compound; the isocyanate reactive functional 
groups R are selected f rem the group consisting of alcohols, carboxylic 
acids, phenols, thiols, primary or secondary aromatic amines which contain 
no oxygen and have not more than one nitrogen atom attached directly to, in 
conjugation with or incorporated within, the aromatic ring nucleus, and 
secondary aliphatic amines wherein at least one of the alkyl carbon atoms, 
bonded directly to the nitrogen atom, is not a primary carbon atom; the 
molecular weight of the polysiloxane compound is between 1000 and 30*000, 
preferably 2C00 to 15000 and most preferably 4000 to 8000; and the 
polysiloxane compounds are substantially insoluble in liquid poi yisocyana t e . 

In the polysiloxane compounds the hydroxy, mercaptc, or amino organic R 
radicals can be attached to the silicon atom directly to carbon or through 
oxygen, nitrogen or sulfur carbon bonds. Preferred R radicals are those of 
the formula HO-R"'-, H-N-R"'-, HNR" ' , and HS-R'V- wherein ?." ' is a divalent 
linking group comprised cf carbon and hydrogen; carbon, hydrogen and oxygen; 
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carbon, hydrogen and sulfur; carbon, hydrogen and nitrogen; or carbon, 
hydrogen, oxygen and nitrogen. Specific examples of R" 1 include the 
methylene, ethylene, propylene, hexamethylene, decamethylene, -CHXH { CH, ) - 
CH : -, phenylene, butyl phenylene, naphthylene, -CH 2 CH : SCH r CK r - , -CH : CH ? OCH 2 - , - 
CH : CH;-CK : -0- (CH : -CHR'0) „-, where n is 0 to 5 and R 1 is described as above or 
H. A preferred R group is -CK ; CHXH r O (CH : CH (CH, ) O) r H where n is 1 to 5. 
Preferably, the R" ' linking group contains from 3 to 10 atoms in addition 
to hydrogen atoms. There can be from 1 to 33 functional R radicals, 
preferably 3 to 10, and from 1 to 3 attached to a silicon atom. 
As indicated above, the R 1 radical can be any' hydrocarbon or substituted 
organic radical. Illustrative R' radicals present are alkyl radicals such 
as the methyl, ethyl, propyl, butyl, amyl, hexyi, octyl, decyl, dodecyl, 
octadecyi, and myricyl radicals; alkyenyi radicals such as the vinyl, allyl 
and hexenyl radicals; cyclcalkyl radicals such as the cyclobutyl and 
cyciohexyl radicals; aryl radicals such as the phenyl, xenyl and na-phthyi 
radicals; araikyl radicals such as the benzyl and 2-phenyethvl radicals; 
alkaryl radicals such as the tolyl, xylyi and mesityl radicals; the 
corresponding haiohydroca rbon radicals such as 3-chlorcpropyl , 4 -bromobutyl , 
3, 3, 3-trif luoropropyl, chlorocyclohexy 1 , brcmophenyl, chlorophenyl , a, a, a- 
trif luorotolyl and the dichloroxenyl radicals; the corresponding 
cyanohydrocarbon radicals such as 3-cyanoethyl , 3-cyanopropyl and 
cyanophenyl radicals; the corresponding hydrocarbon radicals, such as ether 
and ester hydrocarbon radicals such as - <CH ? ) _,OC : H* , -(CH ? )jOCH,, - ( CH 2 ) 2 COOC : K b 
and - (CH : ) jCCOCHj, the corresponding thioether and thioester hydrocarbon 
radicals such as -<CH,) : SC : H t and - «CK. } ,COSCH ; ar.d ni t rohydrcca rbon radicals 
such as the nitrophenyl and 3-ni t rcpropyl radicals. 

It is preferred that the R ' radical be an organic radical containing from 
1 to 10 atoms. In the most preferred embodiment of this invention at least 
90 t of all zte R 1 radicals are methyl radicals. There can be an average 
of from 0 to 2 R 1 radicals attached to the silicon atom, i.e., b has an 
average of. from 0 to 2 in the above formula. 

The R" radical in the siloxane compounds useful in this invention can also 
be an hydrocarbon or substituted hydrocarbon radical. The illustrative 
examples set forth above with respect to R ' are equally applicable here. 
Likewise, the preferences set forth for R 1 above apply to the R" radical. 
There can be from 0 to 3 P. M radicals, on zhe average, per silicon atom, 
i.e., c has an average value of from 1 to 3 in the above formula. 
Most preferably, the R, R ' and R 11 radicals are all organic radicals attached 
to the silicon atom by carbon to silicon bonds, by ca rbon - oxygen - s i I icon 
bonds or by carbcn-sul fur-silicon bonds. 

The poiysilcxane compounds can be either solid or liquid in form and are 
required to be substantially insoluble in isocyanate liquid. In order to 
use a solid functional siloxane it would be necessary to dissolve, disperse 
cr suspend the siloxane in one or mere silicone surfactants. Hence, it is 
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preferred that the functional, siioxane employed be in liquid form. While 
Che viscosity of Che liquid siioxane can vary over a wide range, from 1 Co 
100000 cen:is:okes, ic is generally preferred char the- viscosity be in Che 
range of from 50 co 1000 centistokes. The molecular weight of the siloxanes 
can vary from 1000 to 3000C, preferably 2000 to 15C00, and most preferably 
4000 to SG00. 

Commercially available polysiloxane compounds useful in the present binder 
compositions include DC 1246 available from Dow Corning and Tego 4 12T 
available from Goldschnudt . 

The preferred siioxane compounds are those set forth below, wherein the 
value listed for (a) is the equivalenc weight, :b; is the combined formula 
weights of reactive radicals R expressed as per rent of the molecular weight, 
and ic) is the combined formula weights c: r.cr.-isccyanate reactive groups 
R' + R" expressed as percent of the molecular weight: 

Poiysiloxane I is a hydroxy functional pc 1 ys 1 1 oxane po 1 ye the r copolymer 
havir.g the approximate f ormula: 

(CHw : SiC(Si (CK : ; : C] . 4 [Si (CH,} {C S K,C ( CK-CH (CH : . . H • 2] SUCH,). having a 
molecular weight of about 6000, a hydroxy equivalent weight :.aj of 200C, (b) 
is 11 t , (c) is 3 5 t , and a viscosity of 16 0 centistokes; 

Polysiloxane II is a hydroxy functional ::,::e:r»er copolymer having the 
approximate formula: ( HOCKXH.SCH. (CH : i -SiO- [ Si CH • Z] • ; S l ( CH. • : CH : CK ; SCH.CrUOH ] 
having a hydroxy equivalent weight «a- c: 2~iZ, a molecular weight of 
5500, a value for (b) of 4.3 ic; is 3 9 and a viscosity of about 

55 centis tokes ; . 

Polysiloxane III has an approximate formula as follows: 
(CK. i : .SiO( Si ( CK 5 ) : 0] :i «[Si iCH : ) (C ; K,CC : H, (QH) CH. CH Z \ Si CH : . having a 

molecular weight of 13136, an equivalent weight a of -111, : fc ) is 16 : , and 
t c ) is 3 3 : ; 

Polysiloxane IV has an approximate formula as follows: 

:CK : .# ;.5iO[Si vCH. i ,0] 6: [Si (CH ; ) (C;-K 4 0C ; H, <0H)CH ; GK. C i Si :CH ; having a molecular 
weight of 6154, an equivalent weight (ai of 4-K, .o = is 15 - , and ( c • is 3 4 

Polysiloxane V has an approximate formula: 
( CH, I .SiO [ S i (CH s ) : 0]«fSi (CHJ (C,H,0C : H : f OH ) CH.-OH . Z : , S i = CH.. : . having a molecular 
weight of 5 9 IS, an equivalent weight [a) cf 592, iz : is 11 z, and (c) is 3 A 
- > 

Polysiloxane VI has an a p p r c :■: i m a t e formula: 
iCK ; ; .SiOfSi ( CH. i : C J S4 (Si (CH : , (C i K^0C : H : . (OK } CH OK j C ] ..Si (CK ; J : . having a 
molecular weight of 6960 , an equivalent weight ■ a .■ of 149, ; b ; is 26 - , and 
(c) is 28 r ; 

Polysiloxane VII has an approximate formula: 
<Ch\ ) CH (OH ) CH : CC : H b Si (CH - } ; 0 ( Si (CH : i : 0) „Si (CH ; ) .C-H^CC-H: :OH)-CH ; having a 
molecular weight of 6962, an equivalent weight «a; cf 34S1, (bj is 3.4 :, 
and i c } is 39 - ; 
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Polysiloxane VIII has an approximate formula: 
(CH:) 2 SiOfSi (CH 5 ) ; 0] if [ (CH 3 ) Si (C,H 3 -PH-NH (C 3 H ? )0] ,Si (CK 3 ) . where PH = phenyl-ene, 
having a molecular weight of 5782, and an equivalent weight (a) of 1927, 
lb) is 9.9 t, and ic) is 27 s; 

Polysiloxane IX has an approximate formula: 
(CH 3 ) .SiO[Si (CH 3 ) ; CJ,,(HOCH r CHOHCHOHCH(CH : OH)CH(CH : OH)Si <CH 3 )0] l4 Si(CH 3 ) paving 
a molecular weight of 7550, an equivalent weight (a) of 108, (b) is 33 j, 
and (c) is 26 I; 

Polysiloxane X has an approximate formula: 
(CH 3 ) 3 SiO(Si (CH 3 ) V0h : [ (CH 5 ) Si (C,H 6 OCH : CH (OH)CH 2 OH ) 0] 9 Si (CH 3 ) 3 having a 
molecular weight of 6390, an equivalent weight (a) of 355, (bj is 19 *, and 

(ci is 32 

In view of the relatively limited stability of the polysiloxane compounds 
in the polyi socyana tes , the components should be blended batchwise just 
prior to application to the iignccel 1 ulosic materials .' Preferably these 
compositions are prepared by supplying the pel yisocyana te containing 
compatibiiis.ing agent and organic compound derived from Croup IVB me-xial on 
the one hand and the polysiloxane on the other hand as separate components 
and mixing them immediately prior to application to the lignocellulosic 
material . 

Other preferred conventional release agents to be used according to -the 
present invention are poiyolefin waxes, especially f unct iona 1 ised polyolef in 
waxes, the term r f unct ionaii sed 1 meaning polyolefins containing e.g. free 
hydroxyl, carboxylic acid or ester groups, including oxidised polyolefins. 
A preferred poiyolefin is polyethylene. Preferably oxidised homopolymers 
of polyethylene or copolymers of ethylene and vmyiacetate and saponified 
a, p-unsaturated carboxylic acids such as those based on acrylic acid are 
used. Preferably the polyethylene wax has a melting temperature in the 
range 80 to 100°C, a viscosity in the range 25 to 50 cPs at 140°C and a 
hardness in the range 6C to 93 dmm to ASTM D5 and is of low crys taili ni t y . 
The number average molecular weight of the polyethylene is preferably in the 
range 500 to 4000. A particularly preferred polyethylene wax is A-C -67.02 
available from Allied Signal. 

In the case of f unct ionalisec poiyolefin waxes these can be pre-reacted with 
some of the Group IVB metal compounds of the present invention, in 
particular the titanium chelates. 

The pre-reaction proceeds as follows. The functional ised polyolefine wax 
is melted at about 9C°C and reacted at this temperature with the organic 
compound derived from a Group IVB metal. A compat ibilising agent (in the 
form of a compound according to formula II) is added to this reaction 
mixture before the mixture is cooled down to room temperature. The product 
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formed is a pasty liquid which can be easily stirred into a pol yisocyana te . 
The polyisocyanate composition formed in such a way is a stable dispersion 
at room temperature and comprises an amount of polyoiefin wax of between 0.1 
and 10 z, preferably between 0.5 and 6 t, most preferably between 1 and 4 * 
by weight based on the polyisocyanate. The organic compound derived from 
a Group IVB metal is preferably present in an amount va rying -between 0.2 and 
3 *, most preferably between 0.2 and i.5 z by weight based on the 
polyisocyanate and the compat ibil is ing agent is preferably present in an 
amount varying between 1 and 4 * by weight based on the polyisocyanate. 



In the case of non-f unctiona li sed polyoiefin waxes, these can be added 
separately to the iignoceliulos i c material in the form of an aqueous 
emulsion, having a solids content of between 5 and 40 ? by weight, 
preferably between 5 and 20 z by weight, most preferably between 5 and 15 * 
15 by weight. The amount of polyoiefin wax emulsion used in the process of the 

present invention is between 0.5 and 30 : by weight bas-ed on the 
polyisocyanate composition containing the Group IVB metal compound and the 
compatibilising agent. 

20 The polyisocyanate compositions of the present invention are extremely 

effective in minimising unwanted adhesion to caul plates, press piates and 
other surfaces with which the treated lignocellulosic material may come into 
contact. Their release performance is improved compared to polyisocyanate 
compositions of. the prior art, as well as the obtained board properties/ 

25 especially after humid ageing. 

The poiyisocyanaces for use in the composition of the present invention may 
be any organic pel yisocyana te compound or mixture of organic polyisocyanate 
compounds, provided said compounds have at least 2 isocyanate groups. 
Organic poiyisocyanaces include di i socyana tes , particularly aromatic 
diisocyanates , and isocyanates of higher functionality. 



Examples of organic pol yi socyana tes which may be used in the composition cf 
the present invention include aliphatic isocyanates such as hexamethyiene 
35 diisocyanate; and aromatic isocyanates such as m- and p-phenylene 

di isocyanate, tol yi ene-2 , 4 - and -2, 6-dii socyana te , diphenyime thane- 4 , 4 ' - 
di i socyana t e , chio rophenyiene-2 , 4 -di isoc yana t e , naphthylene- 1,5- 

di isocyanate, diphenyiene- 4 , 4 1 -diisocyanate, 4,4' -diisocyanate- 3,3'- 
dimethyldiphenyi, 3-methyldiphenylmethane- 4 , 4 ' -diisocyanate and diphenyi 
ether diisocyanate; and cycloaliphatic diisocyanates such as cyclohexane- 
2,4- and -2, 3-di i socyana te , 1-methyicyclohexyl -2 , 4- and —2, 6 -diisocyanate 
and mixtures thereof and bis- { isocyana tocyciohexyl ) methane and j 
triisccyanates such as 2 , 4 , 6- 1 r iisocyana totoluene and 2,4,4- J 
t rii socyana todi phenyl ether . f 
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Modified polyisocyanates containing i socyanurate , carbodiimide or 
uretonimine groups may be employed as well. Further blocked 

polyisocyanates, like the reaction product of a phenol or an oxime and a 
polyisocyanate , may be used, having a deblocking temperature below the 
temperature applied when using the polyisocyanate composition. 
The organic polyisocyanate may also be an i socyana te-end.ed prepolymer made 
by reacting an excess of a dii socyana te or higher functionality 
polyisocyanate with a polyol. 

Water-emuisif iable organic polyisocyanates like those described in UK patent 
no. 1444933, in European patent publication nc . 516361 and in PCT patent 
publication no. 91/03082 can also be used. 

Mixtures of isocyanates may be used, for example a mixture of tolylene 
diisocyanate isomers such as the commercially available mixtures of 2, 4- and 
2, 6- isomers and also the mixture of di- and higher polyisocyanates produced 
by phosgenation of aniline/ formaldehyde condensates . 

Such mixtures are well-known in the art and include the crude phosgenation 
products containing methylene bridged polypheny! polyisocyanates, including 
diisocyanate, trii socyana te and higher polyisocyanates together with any 
phosgenation by-products. 

Preferred isocyanates to be used in the present invention are those wherein 
the isocyanate is an aromatic diisocyanate or polyisocyanate of higher 
functionality such as a pure diphenylme thane diisocyanate or mixture of 
methylene bridged polyphenyl polyisocyanates ccr.taining di isocyana t es , 
triisocyana tes and higher functionality polyisocyanates. 

Methylene bridged polyphenyl polyisocyanates are well known in the art. 
They are prepared by phosgenation of corresponding mixtures of polyamines 
obtained by condensation of aniline and formaldehyde . For convenience, 
polymeric mixtures of methylene bridged polypheny! polyisocyanates 
containing diisocyanate, t riisocyanate and higher functionality 
polyisocyanates are referred to hereinafter as polymeric MDI . 

Preferably the polyisocyanate is liquid at room temperature. 

In order to further improve the storage stability of the polyisocyanate 
composition of the present invention an inert diluent may be added to the 
composition. Suitable diluents include plasticizers of the type mentioned 
in "Taschenbuch der Kunsts to f f-Addi ti ve " , Zd. by Gachter and H. Muller, 
Carl Hanser Veriag Munchen, third edition, 1999. Preferred diluents are 
phthaiates, aliphatic ca rboxyl ates , fatty acid esters, Linseed oil and 
Soybean oil. A particularly preferred diiuenc is Priciube 1403 available 
from Ur.ichema being methylolea te . These diluents are added in amounts of 
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from 1 to 40 parts by weight per 100 parts by weight of polyisocyanate and 
preferably in amounts of from 1 to 15 parts by weight per 100 parts by 
weight of polyisocyanate . 

The composition further may comprise conventional additives like flame 
retardants, lignocellul os ic preserving agents, fungicides, waxes, sizing 
agents, fillers, surfactants, thixotropic agents and other binders like 
formaldehyde condensate adhesive resins and iignin (optionally in 
combination with a lignin solvent such as described in PCT Patent 
Application No. EP96/G0924). 

A particularly preferred additive to be used in the polyisocyanate 
composition of one present invention is a coupling agent such as an 
organofunctional silane (for example, Dynasyiar. AM EC-, available from Huels) . 
Adding such a coupling agent to the pciyisccyar.a te composition leads to 
improved board properties. The oraancfur.::: zr.a 1 s i lane coupling agent s are 
used in amounts ranging from 0.C1 to 3 *, preferably from 0.1 to 2 ? by 
weight based on the polyisocyanate. 

The polyisocyanate composition of the present invention can be made bv 
simply mixing the ingredients at room temperature. 

The present invention is also concerned with a process for preparing 
lignocellulosic bodies by bringing 1 ignocel 1 u los i c parts into contact with 
the present polyisocyanate composition and by pressing this combination. 

Therefore the present invention also pre v ices a process for binding 
lignocellulosic material comprising the seeps of 

a; bringing said lignocellulosic material ir. contact with the presenc 
polyisocyanate composition and 

b) subsequently allowing said material to bine. 

The lignocellulosic bodies are prepared by bringing the lignocellulosic 
parts into contact with the polyisocyanate composition like by means of 
mixing, spraying and/or spreading the composition with/onto the 
lignocellulosic parts and by pressing the combination of the polyisocyanate 
composition and the lignocellulosic parts, preferably by hot-pressing, 
normally at 15G°C to 2 50 ° C and 2 to 6 MPa specific pressure. 
Such binding processes are commonly known in the art. 

In waferboard manufacture the lignocellulosic material and the 
polyisocyanate composition may be conveniently mixed by spraying the present 
polyisocyanate composition on the lignocellulosic material while. ic is being 
agitated. 
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The lignocellulosic material after treatment wich the polyisocyanate 
composition is placed on caul plates made of aluminium or steel which serve 
to carry the furnish into the press where it is compressed to the desired 
extent usually at a temperature between 15C°C and :'50°C. At the start of 
a manufacturing run it may be helpful, but not essential, to condition the 
press plates by spraying their surfaces with an external release agent such 
as the above described polysiloxane compounds or to increase the cycle time 
of the first press load. A preconditioned press may then be used many times 
in the process of the invention without further treatment. 

While the process is particularly suitable for the manufacture of waferboard 
known extensively as oriented strand board and wiii be largely used for such 
manufacture, the process may not be regarded as limited in this respect and 
can also be used in the manufacture cf medium density fiberboarc, particle 
board (also known as chipboard} and plywood. 

Thus the lignocellulosic material used can include wood strands, wcccchips, 
wood fibers, shavings, veneers, wood wool, cork, bark, sawdust and like 
waste products of the wood working industry as well as other materials 
having a lignocellulosic basis such as paper, bagasse, straw, flax, sisal, 
hemp, rushes, reeds, rice hulls, husks, grass, nutshells and the like. 
Additionally, there may be mixed with the lignocellulosic materials other 
particulate or fibrous materials such as grinded foam waste (for example, 
grinded polyurethane foam waste), mineral fillets, glass fiber, mica, 
rubber, textile waste such as plastic fibers and fabrics. 

When the polyisocyanate composition is applied to the lignocellulosic 
material, the weight ratio of polyisocyanate/licnoceiluios ic material will 
vary depending on the bulk density of the lignocellulosic material employed- 
Therefore, the polyisocyanate compositions may be applied in such amounts 
to give a weight ratio of polyisocyanate/ lignocellulosic material in the 
range of C. 1:99. 9 to 20:30 and preferably in the range of 0.3:99.5 to 10:90. 

If desired, other conventional binding agents, such as formaldehyde 
condensate adhesive resins, may be used in conjunction with the 
polyisocyanate compos it ion . 

More detailed descriptions of methods of manufacturing waferboard and 
similar products based on lignocellulosic material are available in -the 
prior art. The techniques and equipment conventionally used can be adapted 
for use with the polyisocyanate compositions of the present invention. 

The sheets and moulded bodies produced from the polyisocyanate compositions 
of the present invention have excellent mechanical properties and they may 
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be used in any of the situations where such articles are customarily used. 



The invention is illustrated but not limited by the following examples. 
SUPRASEC is a trademark of Imperial Chemical Industries. 

EXAMPLE 1 

A composition comprising 100 pbw of polyi socyana te (polymeric MDI, SUPRASEC 
1042, available from Imperial Chemical Industries) and 1 pbw of 
ethoxyisopropoxy titanium bi sacetylace tona te (Ti-aca 105 available from 
Huls) was prepared. 

This composition was used tc bond soft wood fibres at 6 z binder loading 
based on dry wood. Board size: 180 :< 180 x 6 nun, board density: 700 kg/rrr. 
Press platen temperature: 200°C. Cure time: 16 s/mm. Mat moisture content: 
: 12 

Perfect release was obtained without any pret reatment or coating of the 
press platens. 

EXAMPLE 2 

28.4 g (0.1 mole) titanium tetraisopropoxide and 56.4 g (0.2 mole) oleic 
acid were mechanically stirred in a glass vessel under a nitrogen atmosphere 
at ambient. Subsequently the reaction mixture was heated up to 120 C C at 
which temperature ca . 11 ml isopropanol was slowly distilled off over 1 hour 
(yield 92 . After the isopropanol had been distilled off the dark red 
liquid reaction product was allowed tc ccoi down and stored at ambient under 
a nitrogen blanket until use. 

A composition comprising 100 pbw of polyisocyana t e [polymeric MDI , SUPRASEC 
1042, available from Imperial Chemical Industries) and 3 pbw of the above 
obtained diisoprcpoxy titanium dioieate was prepared. 

This composition was used to bond soft wood fibres at 6 * binder loading 
based on dry wood (same conditions as in example i) . 

Perfect release was obtained without any pretreatmenc or coating of the 
press platens. 

EXAMPLE 3 

A composition comprising 100 pbw of polyisocyanate (polymeric MDI, SUPRASEC 
DNR, available from Imperial Chemical Industries), 3 pbw of Ti-aca 105 
(available from Huls), 3 pbw of ce tyiacetoaceta te and 3 pbw of me thyloLea te 
was prepared. The storage stability of this composition is improved over 
the compositions of examples 1 and 2. 

This composition was used to bond soft wood strands at 9 t loading bas<e<3 on 
dry wood. Boards of 12 x 4 50 x 450 mm and density 720 k-g/m : were made with 
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face layers bound with the present composition and a core layer bound with 
a polyisocyanate composition (SUPRASEC 1042) containing a wax emulsion (SPC 
60 available from Condea Chemie) at 6 * loading based on dry wood. Ratio 
face/core/face layers: 20/60/20; moisture content face layers: 14 z; 
moisture content core layer: 9 c. Press platen temperature: 170°C. 
Perfect release was obtained from the first board on, staying steady and 
constant for over 20 consecutive repeats. No wood failure (coverage of the 
press platens with wood particles) was visible after the trial. 

EXAMPLE 4-6 

A composition comprising 100 pbw of polyisocyanate (polymeric MO I , SUPRASEC 
DNR, available from Imperial Chemical Industries), 0.5 pbw of Ti-aca 105 
(available from Huls), 3 pbw of cet ylacetoaceta te , 10 pbw of methyloieate 
and 11 pbw of zinc stearate i Sines tea rate N available from Bouquiilon) was 
prepared (example 4). Viscosity of this composition after 15 days storage 
at 30°C is 620 cP. 

As comparison a composition comprising 100 pbw of polyisocyanate (polymeric 
MDI, SUPRASEC DNR, available from Imperial Chemical Industries), 0.3 pbw of 
tin bismaleate (Stanclere T- 57 available from Acros Chemicals), 3 pbw of 
cetylacetoacetate, 10 pbw of methyloieate and 11 pbw of zinc stearate was 
prepared (example 5) and a composition comprising 100 pbw of polyisocyanate 
(polymeric MDI , SUPRASEC DNR, available from Imperial Chemical Industri.es), 

3 pbw of cetylacetoacetate, 10 pbw of methyloieate and 11 pbw of zinc 
stearate ( Zincstearate N available from Bouquilloni {example 6). 
Viscosities of these compositions after 15 days storage at 3 0 ° C is 
respectively 760 cP and 500 cP. 

Boards were made from these compositions in the same way as described in 
example 3 above. 

Release from the press platens was checked ! for a consecutive run of 20 
boards* and quoted: 0 being, complete sticking (board cannot be removed 
without destruction of the board), 1 being sticking with wood failure higher 
than 50 ? , 2 being sticking with wood failure less than 50 z but higher than 
25 3 being sticking with wood failure less than 25 but higher than 5 "i , 

4 being sticking with wood failure less than 5 * (little force needed to 
remove the board), 4.5 being sticking without wood failure (no effort needed 
to remove the board) and 5 being perfect release (the board releases 
spontaneously) . 

The following board properties were measured: internal bond strength 
(according to standards EN 319 and EN 1087; for classification of V2 0 and 
V100 as in standard DIN 68763, and swelling after 24 hours (according to 
standard EN 317) . 

The results are given in Table 1. The numbers in the second column 
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(release) show che range of values observed during 20 repetitions. The 
numbers in column 3 (wood failure) reflect the cumulative wood failure 
coverage observed after 20 pressing cycles. 

Table i 





Example Nc . 


Release 


Wood failure 

ih) 


v : o : 3 

{ k?a ) 


[ VI 00 IB 
(kPaj 


Swelling 






5 


0 


1050 


133 


12 




5 


5/4 




*Z T C 


62 


23 


10 


6 


.5/2.5 


50 


•:6h 


163 





15 



These results show chat using compos i ti cr.s according to the invention 
(example 4} leads to improved release arc improves dry strength properties 
of the obtained boards compared to compositions c: the prior art (examples 
5 and 6) . 



EXAMPLE 7-10 



20 



25 



50 wti 



28.4 g (0.1 mole) titanium tetraisopropov ide and 130.7 g of 
solution of cetyl acetoacecate in methyl oleace were mechanically stirred 
m a glass vessel under a nitrogen atmosphere at ambient . Subsequently the 

and za . 10 ml isopropanol was slowly 



reaction mixture was heated up to 12C 

distilled off over 1.5 hour (yield 35 - . After removal cf the isopropanol 
the red coloured reaction mixture was allowed :: cool down and stored at 
ambient under a nitrogen blanket until use. The final product is 
solution of the titanium chelate in methyl o^eate. 



a 69 wt * 



30 



35 



40 



A composition comprising 1C0 pbw of pel yi socyana t e polymeric MDI , SUPRASEC 
DNR, available from Imperial Chemical Industries , 3 pbw of Ti-aca 105 
1.3 pbw of benzylchloride and 10 pbw of methyloieate was prepared (example 

Similarly a composition comprising IOC pbw cf pc 1 yi socyana te (polymeric MDI , 
SUP FAS EC DNR, available from Imperial Chemical Industries), 3 pbw of Ti-aca 
105, 3 pbw of cetyiacetoacetate and 10 pbw of methyloieate was prepared 
(example 8/., a composition comprising 100 pbw cf pol yi socyana te (polymeric 
MDI, SUPRASEC DNR, available from Imperial Chemical Industries), 6.5 pbw of 
the above obtained diisopropoxy titanium bis icecyiacecoacecate) # 3 pbw of 
cetyiacetoacetate and 10 pbw of methyloieate (example 9) and a composition 
comprising 100 pbw of poiyisocyanate (polymeric MCI, SUPRASEC DNR, available 
frcrr. i^enal ch^.r.) Trw^r -.5 pbw cf diisopropoxy titanium 



Imperial Chemical Industries: , 
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dioleate, 3 pbw of cetylacetoacetate and 10 pbw of methyloleate (example 
10) . 

Stability cf these compositions was determined by measuring the viscosity 
at 25°C ;in mPa s) initially and after storage at 30°C for 4 days, 8 days, 
16 days and 30 days. 
The results are given in Table 2. 



Table 2 



Example 


Viscosity 
initial 


Vis cos i ty 
4 days 


Viscosity 
8 days 


Viscosity 
16 days 


Viscosity 
30 days 


i 


740 


185C 


2380 


330C 




6 


349 


2500 


3 5 00 






9 


152 


34 0 




633 


1180 


10 


173 


•U6 




4544 





These results show that the stability of zhe composition is strongly 
affected by the nature of the chelating agents used to prepare the titanium 
chelates and by the nature of the stabilising agent. 



EXAMPLE 11-13 

A composition comprising 100 pbw of pclyisocyana te (polymeric MDI, SUPRA5EC 
DNR, available from Imperial Chemical Incustriesi, 1 pbw of Ti-aca 105, 
3 pbw of cetylacetoacetate, 3 pbw of methyloleate and 2 pbw of polysiloxane 
Tego 412T {available from Goldschmidt) was prepared (example 11). 
Similarly a composition comprising 100 pbw of pol yi socyana te (polymeric MDI, 
SUP HAS EC DNR, available from Imperial Chemical Industries) and 4 pbw of 
polysiloxane Tego 412T was prepared (example 12) and a composition 
comprising 100 pbw of SUPRASEC DNR and 1 pbw of Ti-aca 105 (example 13) . 

Both these compositions were used to bond softwood strands at 9 ? binoer 
loading based on dry wood. Boards of 12 x 450 x 450 mm and density 
720 kg/nv were made with face layers bound with the above compositions and 
a core layer bound with a polyisocyanate 'SUPFASEC 1042 available from 
Imperial Chemical Industries) containing a wax emulsion (SPG 60 available 
from Condea Chemie) at 6 h loading based on dry wood. Ratio face/ core/ face 
layers: 20/60/20; moisture content face layers: 14 ? ; moisture content core 
layer: 9 * . Press plater, temperature: 170°C. 

Release from the press platens was checked {for a consecutive run' of 20 
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boards) and quoted: 0 being complete sticking (board cannot be removed 
without destruction of the board), 1 being sticking with wood failure higher 
than 50 2 being sticking with wood failure less than 50 z but higher than 
25 z, 3 being sticking with wood failure less than 25 * but higher than 5 
4. being sticking with wood failure less than 5 * (little force needed to 
remove the board), 4.5 being sticking without wood failure (no effort needed 
to remove the board) and 5 being perfect release (the board releases 
spontaniously ) . 

The- following board properties were measured: internal bond strength 
(according to standards EN 319 and EN 1087) for classification of V20 and 
V100 as in standard DIN 68763, and swelling after 24 hours (according to 
standard EN 317}. 

The results are given in Table 3. The numbers in the second column 
(release} show the range of values observed during 20 repetitions (first 
board/second to. 20th board). The numbers in column 3 (wood failure) reflect 
the cumulative wood failure coverage observed after 20 pressing cycles. 

Table 3 



Example 
No. 


Release 


Wood failure 
( r ) 


V2 0 15 
(kPa) 


V100 IB 
(kPa • 


Swelling 
( z ) 


11 


4 . 5/5 


0 


92 5 


280 


15 


12 


2/5-4 . 5 


1 


1030 


160 


13 


13 


4/4 . 5 


45 









The results in Table 3 show that the use of Titanium chelates in combination 
with polys i 1 oxanes is beneficial to the boards wet strength properties and 
to the release compared with boards made using only poiysiioxanes as 
internal release agents or using only Titanium chelates. 

Example 12 shows that the first board does not release well without 
preprinting the press. Example 11 gives a 4.5 for the first board .and a 
complete series of consistent 5*s following without any pretreatment of the 
press. 

EXAMFLE 14-16 

A composition comprising 100 pbw of polyisocyanate (polymeric MDI , F.tJBINATE 
1340, available from Imperial Chemical Industries), 0.5 pbw of Ti-aca 105, 
1.5 pbw of cetylacetoacetate, 1.5 pbw of methyioleate and 2 pbw of Tego 412T 
(available from Goldschmidt) 'was prepared (example 14). 

Similarly a composition comprising 100 pbw of polyisocyanate (polymeric MDI, 
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RUBINATE 1840, available from Imperial Chemical Industries) and 2 pbw of 
Ti-aca 105, 1.5 pbw of cecyl acetoacecate, 1.5 pbw of methyloieate and 
0.5 pbw of Tego 412T was prepared (example 15) and a composition comprising 
solely 100 pbw of RUBINATE 1840 and 2 pbw of Tego 412T (example 16). 

These compositions were used to bond aspen strands at 4 r binder loading 
based on dry wood. Boards of 6 x 450 x 450 mm and an average density of 
630 kg/m ; were made only using material for face layers and bound with the 
above compositions and addition of 1 ? slack wax based on dry wood. 
Moisture content after blending: 6-8 h. Press platen temperature: 200°C. 

Release from the press platens was checked (for a consecutive run of 20 
boards! and individually quoted as above. The results are shown in Table 
4 . 

Table 4 
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J Example Nc . 


Release (individual quoting; 


14 


5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5 


1 15 


5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/5 


1 16 


4/4/5/5/5/4/5/4/5/5 



EXAMPLE 17-20 



25 A composition comprising 100 pbw of poi yi sccyana te (polymeric MDI, SUPRAS-EC 

DNR, available from Imperial Chemical Industries), 0.25 pbw of Ti-aca 105, 
3 pbw of cetylacetoacetate, 10 pbw of methyloleace, 11 pbw of zinc stearate 
and 1 pbw of 3-aminoprcpyi trie thoxysiiane (Dynasylan AM EG available from 
Kueis) was prepared (example 17). 

30 Similarly a composition comprising 100 pbw of pol yi socyana te (polymeric MDI, 

SUPRASEC DNR, available from Imperial Chemical Industries), 3 pbw of 
cetylacetoacetate, 10 pbw of methyloieate and 11 pbw of zinc stearate 
(example 18) and a composition comprising 100 pbw of SUPRASEC DNR, 0.25 pbw 
of Ti-aca 105, 3 pbw of cetylacetoacetate, 10 pbw of methyloleace and 11 pbw 

35 of zinc stearate (example 19" was prepared. 

These compositions were used to bond softwood strands at S x binder loading 
based on dry wood. Boards of 12 x 4 50 x 450 mm and density 720 kg/m J were 
made with face layers bound with the above compositions and a core layer 
40 bound with a pclyisocyanate (SUPRASEC DNR available from Imperial Chemical 

Industries) containing a wax emulsion (SPG 60 available from Concea Chemxe) 
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at 6 * loading based on dry wood. Racio face/core/face layers: 20/60/20; 
moisture content face layers: 14 h; moisture content core layer: 9 z. Press 
platen temperature: 170°C. 

A supplemental board was made using SUP PAS EC ONR a: 7 \ loading both in core 
and face layers (example 20) . 



10 



15 



20 



25 



Release from the press platens was checked (for a consecutive run of 20 
boards) and quoted: 0 being complete sticking (board cannot be removed 
without destruction of the board), 1 being sticking with wood failure higher 
than 50 z, 2 being sticking with wood failure less than 50 * but higher than 
25 k, 3 being sticking with wood failure less chan 25 but higher than 5 
4 being sticking with wood failure less char, b - (little force needed to 
remove the board), 4. 5. being sticking wi thou: weed failure (no effort needed 
to remove the board) and 5 being perfect release (the board releases 
spontar.iously) . 

The following board properties were measured: internal bond strength 
(according to standards EN 319 and EN 10S7;, fcr classification of V20 and 
V100 as in standard DIN 68763, and swelling after 24 hours (according to 
standard EN 317). 

The results are given in Table 5. The numbers in the second column 
(release) show the range of values observed during 20 repetitions : first 
board/second to 20th board) . The numbers in coium- 3 'wood failure) reflect 
the cumulative wood failure coverage observed after 20 pressing cycles. 

Table 5 



30 
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Example 
No. 


Release 


Wood failure 

( T) 


V2C IB 
i kPa > 


VI 00 IB 
( kPa) 


Swelling 

( % ) 


1"? 


5 




72 9 


138 


10. 1 


18 


5/2.5 


50 


6S 1 






19 


5 


2 


693 


90 


11 . 7 "J 


20 






906 


103 


10.4 



The results in Table 5 show that the use cf an arunosiiane in combination 
with a titanium acet yl acetona te is beneficial to the board properties, 
especially wet strength (V100) properties. The decline in board properties 
due co the use of zinc stearate as internal release agent is largely 
compensated for by the use of the silane coupling agent. 



40 
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EXAMPLE 21-24 

60 g of oxidized polyethylene (AC-67C2 available from Allied Signal) and 
120 g of a 50 wt t solution of cecylacetocaeta te in methyloleate were 
mechanically stirred in a glass vessel under a nitrogen atmosphere and 
heated up to 90°C. A clear solution was obtained. Subsequently 20 g of 
Ti-aca 105 was slowly added whilst stirring and keeping the temperature at 
90°C. After completion of the Ti-aca 105 addition the reaction mixture was 
allowed to cool down to ambient. The reaction product (dark red paste-like 
material) (I) was stored at ambient until use. 

100 pbw polyisocyanate (polymeric MDI , SUPRASEC DNR, available from Imperial 
Chemical Industries) was mechanically stirred in a glass vessel at ambient 
under a nitrogen atmosphere. Subsequently 10 pbw. cf the reaction product 
(I) was heated up to 50°C and slowly added to the polyisocyanate. Stirring 
was continued for ca . 15 minutes and a homogeneous dispersion was obtained. 
The resultant polyisocyanate composition was stored at ambient under a 
nitrogen blanket until use :example 22). 

A composition comprising 100 pbw of polyisocyanate {polymeric MDI, SUPRASEC 
DNR, available from Imperial Chemical Industries;, 0.5 pbw of Ti-aca 105, 
3 pbw of cetylacetoacetate, 3 pbw of methyloleate was prepared. The 
composition was used to bond softwood strands at 8 s binder loading based 
onb dry wood. Following the binder addition a ?E wax emulsion (30 - solids 
content) was sprayed separately on the wooden s:rands, the amount of 
emulsion sprayed such to achieve a PE wax solid content of 10 * by weight 
based on the polyisocyanate composition (or 0.S -. based on dry wood). 
Boards of 12 x 450 x 450 mm and density 720 kg/rr. were made with face layers 
prepared as described above and a core layer bound with a polyisocyanate 
( SUPRASEC DNR available from Imperial Chemical Industries) containing a wax 
emulsion (SPG €0 available from Condea Chemie) at 6 * loading based on dry 
wood. Ratio f ace/co re/ f ace layers: 20/60/20; moisture content face layers: 
14 moisture content core layer: 9 Press platen temperature: 170°c. 

( example 21 ) 

A composition comprising 100 pbw of SUPRASEC DNR, 3 pbw of 

cetylacetoacetate, 3 pbw of methyloleate and 3 pbw of ?E-wax AC 6702 
(example 23) and a composition comprising 100 pbw of SUPRASEC DNR and 1 pbw 
of Ti-aca 105 (example 24) was also prepared. 

The compositions of examples 22 tc 2 4 were used to bond softwood strands at 
8 t binder loading based on dry wood. 3oards of 12 >: 450 :•: 450 mm and 
density 72 0 kg/m- were made with face layers bound with the above 
compositions and a core layer bound with a polyisocyanate (SU? PAS EC DNR 
available from Imperial Chemical Industries) containing a wax emulsion 
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(SPG 60 available from Condea Chemie) at 6 % loading based on dry wood. 
Ratio face/core/face layers: 20/60/20; moisture content face layers: 14 
moisture content core layer: 9 « . Press platen temperature: 170°C. 

Release from the press platens was checked (for a consecutive run .of 10 
boards) and quoted: 0 being complete sticking (board cannot be removed 
without destruction of the board), 1 being sticking with wood failure higher 
than 50 t, 2 being sticking with wood failure less than 50 h but higher than 
25 z, 3 being sticking with wood failure less than 25 s but higher than 5 %, 
4 being sticking with wood failure less than 5 ? (little force needed to 
remove the board), 4.5 being sticking without wood failure (no effort needed 
to remove the board) and 5 being perfect release (the board releases 
spontaniously) . 

The following board properties were measured: internal bond strength 
(according to standards EN 319 and EN 1067} for classification of V20 and 
VI 00 as in standard EN 320, and swelling after 24 hours (according to 
standard EN 31" • . 

The results are given in Table 6. ' The numbers in the second column 
(release) shew the range of values observed during 10 repetitions. The 
numbers in column 3 {wood failure) reflect the cumulative wood failure 
coverage observed after 10 pressing cycles. 



Table 6 



Example 
No. 


Release 


Wood failure 


V20 IB 
( k Pa i 


VI 00 IE 
i k?a) 


Swelling 

(* ) 


21 


5 


0 


92 5 


490 


10.4 




5 


1 








23 


I 


100 








24 


4/4.5 


45 









In example 23 release was only tested for the first board. 



ro 
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CLAIMS 

1. Polyiaocyanate composition comprising an organic compound derived 
from a metal of Group IVB of the Periodic Table of Elements, said 
organic compound being a metal carboxyiate or a metai alkoxide or a 
chelate complex with the metal as central atom and at least one 
polydentate iigand. 



2. 



Polyiaocyanate composition according to claim 1 wherein the •Group IVB 
metal is titanium or zirconium. 



3. Polyisocyanate composition according to claim 1 or 2 wherein the 
carboxyiate or alkoxide is derived from a saturated or unsaturated, 
aliphatic or cycloal ipha tic or aromatic carboxylic acid or alcohol 

15 having from 1 to 30 carbon atoms. 

4. Polyisocyanate composition according zz claim 1 or 2 wherein the at 
least one polydentate iigand is a 0-dica rbonyl compound. 

20 5 * Polyisocyanate composition according to claim 4 wherein said 

p-dicarbonyl compound is acetylacetona te or an ace toaceta te . 

6. Polyisocyanate composition according Co any one of the preceding 

claims wherein the chelate complex corresponds to the following 
25 formula (I) 

R--C-CH=C- (O) -R : 
* i 

X x : 

R - (C) ..-0-M-0- (C) ' t I 

j0 X X* X' 

wherein X : , X-, X s , X', X* and X* (same or different) represent O or S 
or N , z and 2' (same or different; are 0. or 1, y and y (same or 
35 different, are 0 or 1, R : and R< (same or different) represent an 

aliphatic hydrocarbon radical having 1 tc 20 carbon atoms', R- and R •' 
(same cr different) represent an aliphatic hydrocarbon radical having 
1 to 30 carbon atoms, R- and R* (same cr different) represent an 
aliphatic hydrocarbon radical having 1 to 20 carbon atoms and M 
represents Ti or Zr or Hf. 



Polyisocyanate composition according to claim 6 wherein M is ^ 
Zr. 



or 
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8. Pclyisocyanace composition according Co claim 6 or 7 wherein X : , x\ 
X : , X\ X- and X* aii represent O. 

S. Pol yisocyanate composition according to claim 6, 7 or 8 wherein R* and 
R" contain from 1 to 20 carbon atoms and z and z f are both 0. 

10. Polyisocyanate composition according to claim 6, 7, 8 or 9 wherein R : , 
P. : , R i and R 4 contain from 1 to 20 carbon acorns. 

11. Polyisccyanate composition according tc claim 10 wherein y .and y' are 
both 0 and R : , R ; , R 2 and R 4 contain from 1 to 3 carbon atoms. 

12. Polyisccyanate composition according to claim 10 wherein y and v' are 
both 0, R : and R- contain from 1 to 3 carbon atoms and R : and R< 
contain from 10 to IS carbon atoms. 

13. Polyisccyanate composition according c - any one of the preceding 
claims wherein the chelate complex corresponds to the following 
formula (la) 

(R'C) a M(R e C(0)CHC(0) R* ) c (la) 

wherein M represents Ti or Zr, R represents an alkoxy or carboxy 
group, RV represents an alkyl or aryl group, ?/ represents an alkoxy, 
aryloxy, alkyl or aryl group, a is 4-b and b is 1 or 2 in case of M 
being Ti and b is 1, 2, 3 or A in case cf M being Z r . 

14. Pclyisocyanate composition according tc any one of the preceding 
claims wherein said organic compound is used in an amount varying 
between 0.1 and 10 * by weight based cn the pclyisocyanate. 

1~. Polyisocyanate composition according to claim I A wherein said oraanic 
compound is used in an amount varying between 0.2 and 7 * by weight 
based on the polyisocyanate. 

16. Polyisocyanate composition according to any one of the preceding 
claims further comprising a compatibi ii s inc agent being a compound 
corresponding to general formula (II; or the reaction product of an 
organic mono- or pciyf unctional isocyanate therewith 

R - (C) r - C - CM- - C - (O).. - R ' (iij 

II If 

Y. Y- 
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wherein Y : and Y : (same or different) represent O or S; n and n' {same 
or different) represent an integer of from 0 to 1, R and R 1 {same or 
different) represent an aliphatic hydrocarbon radical containing from 
1 to 30 carbon atoms and wherein the sum of the total number of 
5 carbon atoms of R and R ' is between 7 and 40. 

17. Polyisocyanate composition according to claim 16 wherein Y. and Y- 
both represent O, n equals 0, R is a aikyl radical containing 1 or 2 
carbon atoms, n' equals 1 and R 1 is an aikyl radical containing from 

10 8 to 18 carbon atoms. 

18. Polyisocyanate composition according to claim 17 wherein the compound 
corresponding to formula (II) is decyi acetoacetate, cetyl 
acetoacetate or stearyl acetoacetate . 

1 5 

19. Polyisocyanate composition according to any one of claims 16 to 13 
wherein the organic isocyanate with which the compound according to 
formula (II) can be reacted to form the compa tibilising agent is 
diphenyimethane diisocyanate or a mixture of methylene bridged 

20 polyphenyl poiyisocyanates . 

20. Polyisocyanate composition according to any one of claims 16 tc 19 
wherein the compa tibi lis i ng agent (in the form of the compound 
corresponding to formula (ID) is used in an amount varying between 

25 1.5 and 7 '% by weight based on the polyisocyanate. 

21. Polyisocyanate composition according to any one of the preceding 
claims further comprising a metal carboxylase derived from a metal of 
Group IA, IIA, IIIA, IB, IIB, IVA, VA or VIII of the Periodic Table 

30 of Elements. 

22. Polyisocyanate composition according to claim 21 wherein said Group 
IA, IIA, IIIA, IB, IIB, IVA, VA or VIII metal is Zn. 

35 23. Polyisocyanate composition according to claim 22 wherein said metal 

carboxylate is zinc stearate. 

24. Polyisocyanate composition according to any one of claims 21 to 23 
wherein said metal carboxylate is used in an amount varying between 

40 5 and 15 *• by weight based on the polyisocyanate. 

25. Polyisocyanate composition according to any one claims 1 to 2-0 
further comprising a release agent. 
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26. Polyisocyanace composition according to claim 25 wherein said release 
agent is used in an amount varying between 0.5 and 6 ? by weight 
based on the polyisocyana te . 

27. Polyisocyanate composition according to claim 25 or 26 wherein said 
release agent is a polysiloxane . 

26. Polyisocyanate composition according to claim 25 or 26 wherein said 
release agent is a f unctionalised polyolefin wax. 

29. Polyisocyanate composition according to claim 28 wherein said 
polyolefin is polyethylene. 

30. Polyisocyanate composition according to any one of claims 25 to 29 
15 wherein the compat ibil i s ing agent is used in an amount varying 

between 1 and 4 : by weight based on the polyisocyanate. 

31. Polyisocyanate composition according to any one of claims 25 to 30 
wherein the organic compound derived from a group IVB metal is used 

20 in an amount varying between 0.2 and 4 - by weight based on the 

polyisocyanate. 

32. Polyisocyanate composition according to any one of the preceding 
claims wherein the polyisocyanate is diphenylmethane diisocyanate or 

25 a mixture of methylene bridged polypheny! pc 1 yisocyanates . 

33. Polyisocyanate composition according to any one of the preceding 
claims further comprising an inert diluent. 

30 34. Polyisocyanate composition according to claim 33 wherein said diluent 

is used in an amount varying between 1 and 15 * by weight based on 
the polyisocyanate . 

35. Polyisocyanate composition according to claim 33 or 34 wherein said 
35 diluent is me thyloleate . 

36. Polyisocyanate compos it ion according to any one of the preceding 
claims further comprising a coupling agent. 

40 37. Polyisocyanate composition according to claim 36 wherein said 

coupling agent is an organo f unctiona 1 silane. 

35. Polyisocyanate composition according to claim 37 wherein said 
organofunctionai silane is used in an amount of between 0.01 and 3 * 



DCID: <WO _9717388A1 I > 



WO 97/17388 

by weight 



based on the 



28 

polyisocyana te . 



PCT/EP96/04606 



39. Process for binding lignocelluiosic material comprising the steps of 

a) bringing said lignocelluiosic material in contact with a 
polyisocyanate composition and 

b) subsequently allowing said material to bind, 

characterised in that the polyisocyanate composition comprises a 
composition as defined in any one of the preceding claims. 

40. Process for binding lignocelluiosic material comprising the steps of 

a) bringing said lignocelluiosic material in contact with a 
polyisocyanate composition and 

b) subsequently allowing said material to bind, 

. characterised in that the polyisocyanate composition, comprises a 
composition as defined in any one of claims 1 tc 20 and 32 to 38 and 
a release agent composition. is applied separately to the 
lignocelluiosic material. 

41. Process according to claim 40 wherein said separately applied release 
agent composition is an aqueous emulsion of poiyolefin wax. 

42. Process according to ciaim 41 wherein said poiyolefin is 
polyethylene . 

43. Process according to any one of claims 39 to 42 wherein step b) 
involves hot-pressing the combination of the polyisocyanate 
composition and the lignocelluiosic material. 

44. Process according to any one of claims 39 to 43 wherein the weight 
ratio of polyisocyanate/ lignocelluiosic material is in the range 
0.1:99.9 to 2 0 : S 0 . 



